Abstract Landfill site selection is a complex process, which requires the evaluation of multiple criteria. Decision-makers often face difficulties in taking the right decision in a multiple attribute environment. In this paper, an integrated fuzzy-analytical hierarchy process (AHP)-the technique for order preference by similarity to ideal solution (TOPSIS)-based methodology was applied to the municipal solid waste (MSW) landfill site selection problem. To demonstrate the approach taken, a real case of Mumbai city is taken. The model was developed to suit the socio-economic and regulatory set-up. The fuzzy-analytic hierarchy process was used to make pairwise comparisons of criteria to assign weights and rank them, while F-TOPSIS was employed to rank the alternatives. It was found that the fuzzy-AHP-TOPSIS-based methodology can be a powerful guiding tool for MSW management planners. With this modeling approach, the accuracy of landfill site selection procedure can be significantly enhanced as compared to the traditional methods, thereby reducing the cost and time required. The developed methodology helps in representing and analyzing the uncertainty and error in the decision making process of landfill site selection.
Introduction
Landfill site selection is a complex problem and requires an extensive evaluation process that has to be carried out taking into account the environmental, economic, sociopolitical, and legislative aspects. Landfill sites are considered as undesirable or obnoxious facilities and are usually opposed socially (Rodriguez et al. 2006; Colebrook and Sicilia 2007) . Due to the scarcity of land and increasing amount of waste, it is vital that the available land resources are used with proper planning.
During the siting process, the challenge is to make an environment friendly and financially sound selection. Siting a suitable landfill location involves the consideration of a wide array of points, taking into account different criteria and verifying a given set of limitations to ultimately provide an optimal solution. The inability to properly site landfills has led to a great deal of controversy and negative effects. Public awareness of environmental impacts, and distrust for scientific studies to determine proper siting locations certainly leave waste managers with little room for error.
Until recently, there were no engineered landfill sites in India. As construction and management of landfills are quite expensive and need professional management, scientific location of landfills has not been actively considered in India. Most of the Indian cities, including the populated metros Mumbai and Delhi, do not have scientifically identified landfill sites. Indian metro cities generate an enormous amount of waste, containing 50-70 % of biodegradables, 5-10 % of inert materials and 10-20 % recyclable waste. More than 90 % of the municipal solid waste (MSW) generated in India is directly disposed of by dumping in low-lying areas or the land designated for this purpose within or outside the city, in an unscientific and unsatisfactory manner (Das et al. 1998 ). The selected disposal sites are mostly close to the collection area, and less attention is given to the siting of new sites. In several municipalities, existing landfill sites have already been exhausted and the respective local bodies do not have the resources and expertise to acquire new land. This significantly decreases their MSW collection efficiency. Also, in the existing sites, there is no provision for leachate and gas control, and soil cover is rarely provided except at the time of closure of the site. As a result, the landfills create severely unhygienic conditions and cause the degradation of environmental quality.
It is difficult to find suitable land to develop a landfill site that is close to the waste source. Economic concerns play an important role when the waste is to be transported at a distant site. Furthermore, from an economic perspective, the available land must be accessible through road networks. However, the location of landfill sites on or too close to existing road and rail networks can also hinder transportation and may have an impact on land price and tourism in the area. Thus, the landfill site should be located at an adequate distance for economic feasibility; contrastingly, they must be sufficiently far from the waste source to avoid social conflict.
Siting, design, construction, operation, and maintenance of an MSW landfill site need a financial plan for its longterm workability. Further, the location of a site should be such that it is possible to make technological changes in the landfill design and operation, and support post-closure care monitoring. In selecting a landfill site, many potential criteria and factors should be carefully identified, evaluated and analyzed; these include the distance from residential areas, selection of the optimal transportation routes, environmentally sensitive areas, geological features, and the cost of land. Thus, landfill site selection involves multiple criteria and can be viewed as a multiple criteria decision making (MCDM) problem.
Due to uncertainty and impreciseness of available information, apart from the ambiguity of human preferences, it is difficult to get accurate numerical values for the evaluation criteria. Therefore, most of the selection factors cannot be given correctly; this may hamper the evaluation process for decision-makers. In the current study, an integrated fuzzy analytical hierarchy process (AHP)-the technique for order preference by similarity to ideal solution (TOPSIS) methodology has been used to identify an optimal landfill site for MSW disposal. To demonstrate the approach taken, a real case of Mumbai city is taken. The evaluation criteria are determined based on international standards used in landfill siting. The fuzzy-AHP procedure is used to incorporate the decision-maker's opinions on the relative importance of the selection criteria. TOPSIS provides the advantage of simultaneous consideration of various criteria with different units. In this study, fuzzy-TOPSIS is used to convert qualitative data to fuzzy numbers, which are then used in the calculations to rank the best alternative site. The study identifies a minimal optimal set of criteria for landfill site selection, which reduces the time taken in the decision making process. The developed methodology effectively takes into account the uncertain, subjective and linguistic data from expert opinions, providing more logical and precise results. Significantly, a literature survey revealed that no Indian study had made use of fuzzy MCDM methods considering uncertainty for landfill site selection.
The structure of the paper is as follows: ''Introduction'' of the paper introduces the landfill siting problem and accentuates the need of MCDM tools. In ''Literature review'', a brief literature review of previous papers reporting the use of any kind of MCDM technique in a landfill location-related problem has been presented. In ''Materials and methods'' a short description of the underlying theories has been presented; this has been followed by the main siting criteria used in this study. Finally, the results from the analysis are discussed in ''Results and discussion'' and conclusions are outlined in ''Conclusion''.
Literature review
The disposal facility siting problem in waste management has been studied by many researchers globally using MCDM techniques alone or in combination with other techniques. Many authors have applied multiple objective techniques in the waste facility location analysis (Stowers and Palekar 1993; Erkut and Verter 1995; Current and Ratick1995) . Also, facility location models have been widely used for locating waste landfill sites to minimize exposure to the public and ecosystem. Cheng et al. (2002) addressed the need for using MCDM methodologies in solid waste management systems because these systems can have complex and conflicting impacts on different stakeholders. Harvey and O'Flaherty (1973) developed a model, which determines the optimal locations of the landfill sites as well as the locations of the transfer stations. They applied their model on a 14 district problem that had 5 alternative sites for the transfer stations and 3 possible landfill sites.
In another study by Erkut and Moran (1991) , the researchers developed an AHP-based decision modeling procedure that can be used by decision-makers to locate obnoxious facilities. They also demonstrated the applicability of the procedure in an analysis of recent decisions to locate a landfill site for the city of Edmonton, Alberta, Canada. A model to locate a treatment facility for hazardous wastes was developed by Stowers and Palekar (1993) . Ramu and Kennedy (1994) applied a heuristic algorithm for locating a solid waste disposal site. A mixedinteger programming model was proposed by Kao and Lin (1996) to obtain a suitable landfill site. Siddiqui et al. (1996) used geographical information system (GIS) in combination with AHP for determining the suitability of land for a landfill site. In another study, fuzzy set theory was combined with GIS by Charnpratheep et al. (1997) for the screening of landfill sites in Thailand. Giannikos (1998) proposed a multiple objective model based on goal programming technique for locating disposal and treatment facilities for hazardous waste. In Portugal, Antunes (1999) developed a mixed integer optimization model combining the elements of a p-median model and a capacitated location model for locating the landfill sites. The developed model was used by decision-makers during the actual locating process in the Portuguese Centro region for minimizing the cost objective problem. Nema and Gupta (1999) developed a model using a multi-objective integer programming method to determine the optimal configuration of a hazardous waste management system. Chang and Wei (2000) developed a model for optimal features that should be considered in the solid waste collection network and landfill location, using fuzzy multi-objective nonlinear integer programming. Mahler and De Lima (2003) proposed a value analysis and fuzzy logic-based methodology for the selection of ideal landfill sites by assessing and ranking a predefined pool of objects. Vasiloglou (2004) presented a decision making process for the potential location of new suitable landfill sites with wide community participation. This study proposed a comprehensive set of criteria for the potential sites. Rakas et al. (2004) developed a multiple objective programming model utilizing the fuzzy linear programming approach for identifying unwanted facility locations. Al-Jarrah and Abu-Qdais (2006) proposed a methodology based on fuzzy sets for ideal MSW landfill sites. Ş ener et al. (2006) used integrated GIS and MCDM method, providing an efficient tool to solve the landfill site selection problem; here, GIS provided effective manipulation and presentation of the data and MCDM supplied consistent ranking of the potential landfill areas based on a variety of criteria.
In addition to these studies, Hung et al. (2006) and Cram et al. (2006) provided a viewpoint for the use of multicriteria decision making techniques in the related research area. Ö nüt and Soner (2008) applied a fuzzy TOPSIS methodology to solve the transhipment site selection problem in Istanbul, Turkey. The criteria weights were calculated using the AHP procedure. Similarly, Aragonés-Beltrán et al. (2010) in Spain used ANP and AHP for siting of suitable locations for a landfill. Geneletti (2010) applied the MCDM technique of simple additive weighting for landfill locations in Italy. Babalola and Busu (2011) attempted to determine a suitable landfill location through multi-criteria decision such as ANP. Aydi et al. (2013) employed fuzzy AHP, ELECTRE and the weighted linear combination method with GIS for landfill site selection; GIS was used for the screening of sites. More recently, Makan et al. (2012 Makan et al. ( , 2013 applied PROMETHEE for suitable waste disposal site selection. AHP in combination with GIS was used by Alavi et al. (2013) for landfill site selection.
The following section of paper surveys and summarizes the work done world-wide in locating landfill sites using MCDM techniques in chronological order. Table 1 outlines the trend in the use of MCDM techniques in landfill siting. Table 1 highlights the main aspects and the contributions. The selected studies are segregated on the basis of the study area, techniques used, criteria used, and objective of the study. The survey does not include the studies that dealt with the collection and transportation problems, and hazardous waste. Most of the studies surveyed includes the combination of multi-criteria decision making tools. The studies consist of multiple criteria which are generalized mainly into four dimensions as social, technical, economic and environmental criteria in Table 1 .
The major focus of survey table was on the evolution of the landfill siting problem and the trend in using MCDM tools for it. In the past, the studies mainly used single objective linear, dynamic, mixed-integer programming techniques and vector optimization. In the early 1990s, the focus was on using multi-criteria decision making techniques such as AHP and outranking methods. In the mid1990s the trend moved to the use of GISs. In the late 1990s, most of the studies used the MCDM tools in combination with GISs which dealt with more complex problems with different types of constraints, allowing suitable and highly visual sensitivity analysis. At the dawn of the new century the researchers concentrated more on the fuzzy programming, which allows to translate qualitative assessment into quantitative data. Most of the earlier models were region specific, focusing only on the location of a single landfill site. But recently the trend changed with the improvements in modelling and increased computational power.
An overview of the above-mentioned studies amply accentuates that the multi-criteria decision-making methods such as AHP and fuzzy model have been introduced as applied and current models during the recent years and tangible results of the calculations of these models has been revealed. However, some of these studies did not take into account the supply of imprecise data and the uncertainty Eiselt and Marianov (2015) involved in the decision making process, apart from lacking logical interpretation. Importantly, none of the studies applied a fuzzy TOPSIS-based methodology in their studies. Therefore, to overcome these shortcomings, we combined fuzzy logic-based AHP and TOPSIS model to give more precise valuing of the subjective data and also to achieve results in a logical and scientific manner. Finally, the main objective was to locate an appropriate landfill site for the disposal of MSW. To demonstrate the approach taken, a real case of Mumbai city is taken.
Materials and methods

Introduction of study area
Mumbai, the financial capital of India, is located on the western coast and is a rapidly developing city. It is mainly a peninsula with geographical restrictions and enormous population pressure, leading to high land demand and land prices. In addition, Mumbai generates around 14,500 metric tonnes of MSW per day, 90 % of which is dumped into landfills (MPCB 2014). It has three existing landfill sites, out of which two are already on the verge of closure. The existing landfill sites were identified merely according to convenience, with no scientific backing. They even violated legislations such as the coastal regulation zone notification (CRZ 2011). As a result, the selection and usage of these sites resulted in many politico-legal, socioeconomic and environmental problems. Also, being close to mangroves, they posed a serious threat to the fragile mangrove ecosystem. The Mumbai city is divided into 24 wards with municipal boundaries. The city has a temperate continental climate influenced by the wet monsoon. The average annual rainfall is around 1,100 mm. MCDM techniques have been applied in the study for identifying suitable landfill locations in Mumbai, considering the diverse features of the city and taking into account the requirements of minimizing error, reducing uncertainties and avoiding the violation of existing legislation.
Analytic hierarchy process
The AHP, developed by Saaty (1977) (Saaty 1980; Saaty and Vargas 2000) , is a process designed for solving complex multiple criteria problems. AHP is a flexible decision making process to help decision-makers set priorities and make the best decision when both qualitative and quantitative aspects of a decision need to be taken into account.
Many researchers have concluded that AHP is a systematic method for ranking as it reduces complex decisions to a series of one-on-one comparisons, and then synthesizes the obtained results (Ting and Cho 2008) . However, in many cases, the human preference model is uncertain and decision-makers might not be able to assign exact numerical values to the comparison judgments. For instance, when identifying different suitable locations, the decisionmakers are unsure about their level of choice due to incomplete, imprecise and uncertain information about possible locations and their performances. Also, due to subjective and qualitative site evaluation criteria, it is very difficult for the decision-makers to express the strength of their preferences, and to provide exact pairwise comparison judgments. For this reason, a methodology based on fuzzy-AHP can help one reach an effective decision and the uncertainty and ambiguity involved in the decision making process can be dealt with.
AHP is also a popular method to determine the appropriate weights of the selected criteria, which is one of the problems faced during multi-criteria decision analysis. The AHP decomposes the decision process into a hierarchical structure and also deals with quantifiable and intangible criteria by using the pairwise comparison matrices. The breaking down of the decision problem into composite steps through AHP has been described in Table 2 ( Chamodrakas et al. 2010; Raut et al. 2011) .
Steps involved in the AHP method:
1. Define an objective of the problem and determine its goal. 2. Structure the hierarchy from the top (objectives from a decision-makers viewpoint) through intermediate levels (criteria, sub-criteria if any) to the lowest level, which contains a list of alternatives. 3. Employ a pairwise comparison approach. Saaty (2000) developed the fundamental scale for pairwise comparisons, as shown in Table 2 . The pairwise comparison matrix A, in which the element a ij of the matrix is the relative importance of the ith factor with respect to the jth factor, can be calculated as 
4. There are n(n -1) judgments required for developing the set of matrices in step 3. Reciprocals are automatically assigned to each pairwise comparison, where n is the matrix size. 5. Utilizing the hierarchical synthesis to weigh the eigenvectors according to the weights of criteria. The sum is for all weighted eigenvectors corresponding to those in the next lower hierarchy level. 6. Having made all pairwise comparisons, consistency is identified by using the eigenvalue. To calculate the consistency index (CI), Saaty (1990) proposed that the largest eigenvalue, k max will be
where k max is the principal or largest eigenvalue of positive real values in a judgment matrix, W j the weight of jth factor, W i is the weight of ith factor.
7. Conducting consistency test. Each pairwise comparison contains numerous decision elements for the CI, which measures the entire consistency judgment for each comparison matrix and the hierarchy structure. Saaty (1990) utilized the CI and consistency ratio (CR) to assess the consistency of the comparison matrix. The CI and CR are defined as
where n is the matrix size.
The judgment consistency can be checked by taking the CR of CI with the appropriate value, as shown in Table 3 . The CR is acceptable if it does not exceed 0.10. If the value of CR is [0.10, the judgment matrix is inconsistent. To acquire a consistent matrix, judgments should be reviewed and improved.
The AHP methodology has been demonstrated by applying it to a landfill site selection problem in this study.
Fuzzy-analytic hierarchy process (F-AHP)
In this study, the framework of the feasible regions of relative weights was adopted. Firstly, allowing the feasible region to include tolerance deviations of the fuzzy ratios, we defined fuzzy consistency as the existence of relative weights within the region. Secondly, we devised a maximum/minimum set ranking method to derive a crisp ranking from the global fuzzy weights. There are two main characteristics of fuzzy systems that allow them to give better performance for specific applications: (1) fuzzy systems are suitable for uncertain or approximate reasoning, especially for the system with a mathematical model that is difficult to derive; and (2) fuzzy logic allows decision making with estimated values under incomplete, imprecise or uncertain information. Hence, fuzzy logic was combined and used along with AHP, and resulted in a fuzzy-AHP methodology for reviewing and weighting the landfill site selection criteria.
The following steps of fuzzy-AHP proposed by Chang (1996) were utilized for selecting and ranking the criteria in the multi-period phase. According to the method of Chang's extent analysis, each object is taken and extent analysis for each goal is performed, respectively. Therefore, m extent analysis values for each object can be obtained, with the following signs: The steps of Chang's extent analysis (Chang 1996 ) are as follows:
1. The value of fuzzy synthetic extent with respect to the ith object is defined as
To obtain P m j¼1 M j g i , the fuzzy addition operation of m extent analysis values for a particular matrix is performed as and to obtain ½ P n i¼1 P m j¼1 M j g i , the fuzzy addition operation of M j g i ðj ¼ 1; 2; . . .; mÞ values is performed such that,
and P n i¼1 P m j¼1 M j g i can be calculated by the inverse of Eq. (7), as follows:
2. As M 1 = (l 1 , m 1 , u 1 ) and M 2 = (l 2 , m 2 , u 2 ) are two TFNs, the degree of possibility of
and can be equally expressed as follows:
Figure 1 (Chang 1996) shown below illustrates Eq. (10) where d is the ordinate of the highest intersection point D between l M 1 and l M 2 . To compare M 1 = (l 1 , m 1 , u 1 ) and M 2 = (l 2 , m 2 , u 2 ), we need both the values of V(M 1 C M 2 ) and V(M 2 C M 1 ). 3. The degree possibility for a convex fuzzy number to be greater than k convex fuzzy M i ði ¼ 1; 2; . . .; kÞ numbers can be defined by
Assume that
Then the weight vector is given by
where A i ði ¼ 1; 2; . . .; nÞ are the n elements. 4. After normalization, the normalized weight vectors are
where W is a non-fuzzy number.
Fuzzy-TOPSIS
The technique for order preference by similarity to ideal solution was developed for solving the MCDM problems by Hwang and Yoon (1981) , based on the concept that the chosen/improved alternatives should be the shortest distance from the positive ideal solution (PIS) and the farthest from the negative-ideal solution (NIS) (Wu et al. 2009 ). After calculating the importance weights and ranking of criteria, a modified fuzzy-TOPSIS approach has been applied for conducting the ranking process of alternatives (Shih et al. 2007 ). The rationale of the fuzzy method is to defuzzify imprecise values at the end of the process, not from the beginning (Wang and Elhag 2006) . Wang and Elhag (2006) developed a fuzzy TOPSIS method based on alpha-level sets to perform defuzzification at the very end of the decision analysis process.
To avoid complicated calculations and to improve the applicability of the proposed approach, we used the graded mean integration representation (GMIR) method proposed by Chen and Hsieh (2000) to obtain the final closeness coefficient of each alternative. The formulation of the F-TOPSIS was adopted from Jolai et al. (2011) . In order to establish the fuzzy decision matrix, each decision-maker employed the linguistic variables shown in Table 4 .
The step-by-step procedure of using the fuzzy-TOPSIS is listed as follows.
Establish the normalized performance matrix.
The purpose of normalizing the performance matrix is to merge the unit of matrix entries. Assume that the original performance matrix is (8, 9, 10) x ¼ ðx ij Þ 8 i;j ð16Þ where x ij is the performance of alternative i to criterion j.
2. Create the weighted normalized performance matrix.
TOPSIS defines the weighted normalized performance matrix as:
where w j is the weight of criterion j.
Determine the PIS and NIS.
The ideal solution is computed based on the following equations:
where j = {j = 1, 2,…,n/j belongs to benefit criteria}; j = {j = 1, 2,… n/j belongs to cost criteria}:
4. Calculate the distance between PIS and NIS for each alternative:
5. Calculate the relative closeness to the ideal solution of each alternative:
where 0 c Using the GMIR method we can calculate the closeness coefficient of each alternative Ai, i ¼ 1; 2; . . .; m as follows:
Questionnaire development, validity and reliability
In order to prioritize the landfill siting process in an Indian context, the siting criteria were obtained from the existing literature and relevant standards. Using a fuzzy approach, the numerical value of each linguistic term used in the questionnaire was determined based on the fuzzy-AHP scale shown in Table 5 ( Lin et al. 2006) . Fuzzy logic ensures a precise mathematical approach to deal with the vagueness associated with the importance of a criterion or relative judgment of people. Fuzzy set theory acts as a very useful tool to address the uncertainty and imprecision issue, which affects the landfill site selection. As observed from Table 5 , the solid 5 scale linguistic term has been transformed to equal fuzzy intervals.
Selection of evaluation criteria
Based on a review of the literature, evaluation criteria related to landfill site selection were identified. Then, expert questionnaires were used for screening the indexes fit for the landfill site selection process. Twelve siting indexes were selected by the committee of experts. The expert committee consisted of ten professionals from practice and five from the academia. The siting criteria (i.e., 12 indexes) used in the landfill site selection are shown in Table 6 . On the basis of the hierarchical framework of the siting indexes, the F-AHP questionnaire using fuzzy triangular numbers (FTN) was distributed among the experts for soliciting their professional opinions. The relative importance (fuzzy weight) of each criteria analysed by F-AHP is listed in Table 7 .
Results and discussion
Three alternative sites A1, A2 and A3, were taken as an illustrative example and were evaluated by the experts based on the screened evaluation criteria. Since there are differences of subjective judgments between the ways in which experts view each evaluation criterion, the overall evaluation of the fuzzy judgment was employed to synthesize the opinions of the various experts in order to achieve a reasonable and objective evaluation.
Each decision-maker establishes the fuzzy decision matrix in which each alternative is evaluated with respect to each criterion. Decision-makers use the linguistic variables shown in Table 4 to perform these evaluations. The ranking of these three alternatives by the decision-makers under each criterion, and the aggregated fuzzy decision matrix of the group is presented in Table 8 . In this study, the five linguistic variables, ''very low'', ''low'', ''medium'' ''high'' and ''very high'', were used to measure the alternatives with respect to the evaluation criteria. As shown in Table 4 , each linguistic variable is represented by a TFN in the range of 1-10. The average fuzzy judgment values of each criterion of the three alternatives, integrated by various experts, calculated through Eqs. (12)-(15), are summarized in Table 8 . The final fuzzy synthetic judgment of the three locations is derived from the fuzzy criteria weight (Table 7) Table 8 presents the final fuzzy synthetic judgment of the three locations based on the evaluation criteria. Consequently, based on the fuzzy weights of the evaluation criteria calculated by F-AHP, the MCDM analytical tool F-TOPSIS is adopted to rank the alternative locations (Table 8 ). The fuzzy weights of the performance evaluation indexes, as calculated by F-AHP, have been shown in Table 7 . The weighted normalized performance matrices are calculated by Eq. (17) and both PIS and NISs for the evaluation criteria are obtained through Eqs. (18a and 18b). values for the three alternatives are A1 = (4.17), A2 = (4.69), and A3 = (0.25). The normalized values for the three ideal locations are A1 = (0.88), A2 = (1.00), and A3 = (0.05). This implies that location A2 has the smallest gap for achieving the aspired/desired level among the three locations, whereas A3 has the largest gap. Thus, A2 is the ideal location followed by A1 and A3.
The methodology used in this study is superior since it has the capability of representing vague data. In multicriteria problems, a decision-maker may encounter enormous difficulty in quantifying imprecise and fuzzy data. Our proposed methodology easily quantifies these types of data. It includes an effective method to weigh the criteria and rank the alternatives to find the optimal solution. Thus, the proposed method presented in this paper can be applied to landfill site selection for MSW.
Conclusion
Management of MSW is a public issue, which requires efficient planning and operation. Landfill site selection is the crucial element of MSW management. Landfills have a direct bearing on the environmental health of the locality. The complexity involved in the landfill site selection process due to various parameters to be considered makes it necessary to apply sophisticated mathematical modeling for the decision making process.
This study provides a systematic decision making process for selecting an alternative MSW disposal location in the city of Mumbai, considering all aspects of MSW management in a holistic way. At present, there is no standard method of site evaluation due to diverse, complex factors and parameters and the proposed MCDM-based methodology for best-suited landfill site selection fills a gap. 1. In this study, the integrated fuzzy-AHP-TOPSIS methodology was employed. We first listed the criteria as per the standard procedures and compared the possible alternatives of waste disposal sites. 2. Three alternative locations were compared and the site that was optimal for the location was found. The integrated methodology was found to be advantageous compared to the existing methods since it reduced the uncertainty in decision making by taking care of incomplete information and qualitative variables along with managerial preferences. 3. The modeled integrated approach reduces the possibility of errors and uncertainty in the decision making and ranking process, and makes landfill site selection less time consuming.
